Objectives/Hypothesis: A large sector of the population of the United States has sleep deprivation directly leading to excessive daytime sleepiness. The prevalence of excessive daytime sleepiness in this population ranges from 0.3% to 13.3%. The consequences of even 1 to 2 hours of sleep loss nightly may result in decrements in daytime functions resulting in human error, accidents, and catastrophic events. The magnitude of risks in the workplace or on the highways resulting from sleepiness is not fully understood or appreciated by the general population. Hence, to more clearly emphasize the magnitude of these risks, we question whether mild sleep deprivation may have the same effect as alcohol on reaction times and driving performance. Study Design: Nonrandomized prospective cohort investigation. Methods: Sixteen healthy matched adult subjects (50% women) were stratified into two groups, sleep deprived and alcohol challenged. The sleep-deprived group was further subdivided into acute (one night without sleep) and chronic (2 h less sleep nightly for 7 d) sleep deprivation. Each group underwent baseline reaction time testing and then drove on a closed course set up to test performance. Seven days later, the group repeated this sequence after either sleep deprivation or alcohol intake. Results: There were no significant between-group differences (sleep deprivation or alcohol challenged) in the changes before and after intervention for all 11 reaction time test metrics. Moreover, with few exceptions, the magnitude of change was nearly identical in the two groups, despite a mean blood alcohol concentration of 0.089 g/dL in the alcohol-challenged group. On-track driving performances were similar (P ‫؍‬ .724) when change scores (hits and errors) between groups were compared (baseline minus final driving trial). Conclusion: This comparative model suggests that the potential risks of driving while sleepy are at least as dangerous as the risks of driving illegally under the influence of alcohol.
INTRODUCTION
A large sector of the American population has acute or chronic sleep deprivation, or both. 1 The prevalence of excessive daytime sleepiness (EDS) in this group varies from 0.3% to 13.3%. 2 It is well known that a cumulative reduction in the normal nightly sleep period results in decrements in daytime function and quality of life. [3] [4] [5] Sleep disruption or sleep loss causes EDS, whether secondary to a sleep disorder or simply to sleep deprivation. Regardless of how sleep is disrupted, disruption may have a profound effect on daytime performance resulting in human error, accidents, or even catastrophic events. 1,6 -8 It is all too common, because of the pressures of our 24-hour society, to lose 1 to 2 hours of sleep nightly during the work week, to just keep up or to occasionally stay up all night to finish a project or engage in personal activities. Even these few hours of sleep loss can cause marked disruption in daytime performance. The magnitude of the effects and risks in the workplace or on the highways as a result of this sleep loss is not fully understood or appreciated by the general population. We questioned whether acute or chronic sleep deprivation, when compared with alcohol intake alone, had the same impact on reaction times and driving performance and whether subjects were aware of their decrements in alertness.
MATERIAL AND METHODS

Study Design
This nonrandomized prospective cohort investigation compares reaction times and actual driving performance in healthy unpaid volunteer subjects who underwent acute and chronic sleep deprivation versus a matched (age, gender, body mass index, neck circumference, and education) adult group challenged with alcohol (21 y of age or older) who underwent the same protocol requirements as the sleepy subjects.
Setting
General Motors (GM) proving ground, Mesa, Arizona.
Test Subjects
Sixteen healthy adult volunteers (50% women) participated. Despite the small study size, an effort was made to represent an average cross-section of the population. All subjects were recruited by NBC Dateline News and gave written informed consent.
Inclusion Criteria
These investigations limited the study to an adult cohort. Daily alcohol intake could not exceed one to two drinks (moderate drinker).
Exclusion Criteria
Subjects who used alcohol on a more extensive basis (three drinks or more daily and drinking on the weekends) were excluded. Shift work excluded the subject. Driving records and licenses were checked, and documentation of a conviction for driving under the influence of alcohol or reckless driving was an exclusion.
Requirements and Evaluations
All medications, food, or drink that might interfere (increase or decrease) with alertness were to be avoided for a period commencing 48 hours before the start of the study and continuing until the study was completed. The following were conducted: a medical history, baseline vital signs, sleep habits questionnaire, sleep logs, visual analogue scale (VAS) testing, actigraphy, and psychomotor vigilance testing (PVT). Urine beta human chorionic gonadotropin studies were required for all fertile women.
Sleep-Deprived Group
Eight subjects (50% women) were directed to the sleep deprivation group, which was further subdivided into two groups. The acute sleep-deprived (ASD) subgroup (n ϭ 4) was sleep deprived for a single night's sleep. The chronic sleep-deprived (CSD) subgroup (n ϭ 4) was limited to 5 hours of sleep nightly for a 7-day period or a maximum of 2 hours less than the normal sleep time for each individual.
Alcohol-Challenged Group
The alcohol-challenged group consisted of eight matched subjects (50% women) who were not sleep deprived and who were challenged with alcohol.
Description of Study Methodology
Test subjects underwent a period of either sleep deprivation or alcohol challenge. Before sleep deprivation or alcohol challenge each subject underwent reaction time (RT) tests in a fully rested and nonsleepy state and then drove a test vehicle on a closed course set up to evaluate driving performance. This constituted the baseline performance on which comparisons of performance were made. After each group completed its respective sleep deprivation or alcohol challenge, the group members repeated the RT tests and driving challenge. This occurred exactly 1 week after the baseline testing. All testing, questionnaires, logs, and driving sessions (baseline and final) were performed at the same time of day to minimize circadian rhythm variations.
Driving Performance Course
The driving performance course was the GM proving ground at Mesa, Arizona. The main course was 1.4 miles of turns and coned-off pathways. The coned-off pathways were used to simulate a single-lane route incorporating occasional turns (some of decreasing radius), narrow segments, intersections, intermittent stops, and planned lane choices with the use of flashing yellow arrows. A non-coned loop of 0.60 miles connected to the main test pad was driven in both directions and was used only for the sleep-deprived group. A stoplight and yellow flashing arrows were each introduced once during both trials. Accuracy, not speed, was emphasized as the primary goal of all the test drives. To minimize any advantage or knowledge of the hazards, the driving subjects were not allowed to watch each other drive, and after driving they were separated from their other group members. The Dateline NBC News camera crew documented the driving performance of all subjects with 13 cameras, five of which were in or on the test vehicle. A face camera helped captured mood and behavior while driving. Any question of scoring error on the course could be reviewed and confirmed on these tapes.
Scoring and Hazards
All drivers were advised that the standard GM test course driving protocol counted any cone that was hit or moved as a driving infraction equal to one point. Off-track excursions outside the cones were also counted as one point. In addition, a stoplight and a flashing yellow arrow were used as challenges, and if there was a failure to respond appropriately, the drivers were charged with a point. Multiple (three) hazards as might be experienced in real life were also introduced. These included a rolling beach ball, a fake dog on wheels crossing in front of the test car, and a pop-up car (constructed of soft material). The subjects in all groups were not told that the final driving session would include hazards. Each hazard was introduced only once during the final test driving session. This was the protocol for both the sleepy and alcoholchallenged groups. All errors, hits, or improper evasive actions were scored on track by the primary investigator and the on-track designated observers, as well as from the chase car.
Driver Safety
To ensure safety, the traffic safety department of GM constructed the course to limit driving speed. All subjects drove a 1999 Pontiac Grand Prix GTP that was equipped with a special emergency braking mechanism. Each test subject was accompanied by a GM test-driving safety instructor who manned the safety-control braking button. The safety companion was instructed not to communicate with the subject for any reason except if in his or her judgment it was necessary to terminate the test because of a clear and present danger.
Sleep Logs
All subjects completed a sleep log for a 5-day period before the baseline driving test. This was repeated for the 7 days before the final driving test.
Actigraphy
Members of the CSD subgroup were also required to wear a wrist device that evaluates the sleep-wake cycle by motor activity (actigraphy). 9 This Actiwatch (model AW64, Mini Mitter Company, Inc., Sunriver, OR), was worn on the nondominant wrist for 7 days before testing. The data (activity) from the Actiwatch and concurrent nightly sleep logs were recorded for the 7 days and nights during sleep deprivation and before final testing to document the sleep limitation period before the final test date.
Visual Analogue Scales
Visual analogue scales 10 -12 using the standard 10-cm scale were required for the CSD subgroup. The anchors "not sleepy to very sleepy" were used to assess the study variable of daytime sleepiness during the daily sleep-deprivation period. Anchors of "excellent sleep to poor sleep" were used to assess the quality of the previous night's sleep during the test period.
Epworth Sleepiness Scale
The Epworth Sleepiness Scale (ESS) 13, 14 was completed by all subjects immediately before the first (baseline) and final driving tests (range, 0 -24).
Breath Ethanol Testing
The eight alcohol-challenged, non-sleep-deprived subjects underwent alcohol dosing. Breath alcohol testing and data collection were supervised by two officers from the Phoenix, Arizona, police department. Planning and coordination of this portion of the study were conducted by the director of the Forensic Science Laboratory (Phoenix, AZ). An individualized dose of alcohol was given according to body weight to raise the blood alcohol levels to just below or near levels considered illegal when driving in the state of Arizona (blood alcohol content [BAC] equal to or greater than 0.10 g/dL). Oral rinses (H 2 0) were used after drinking to eliminate the effects of mouth alcohol. Before performance testing, each subject underwent multiple breath analyzer testing during the rise of the BAC. When their respective BAC values rose to just below legal levels, they immediately repeated the PVT and then drove the test course. An Intoxilyzer model 5000 (CMI Inc., Owensboro, KY) using infrared alcohol detection technology (U.S. Measurements, U.S. Department of Transportation-approved) was used for all measurements of breath alcohol concentration (BrAC). A standard was used to calibrate against a known BrAC control value (0.100 g/210 L of breath). The BrAc value is considered by the Department of Transportation as an equivalent to the BAC value. Results of BAC testing were reported as grams of alcohol per deciliter of blood.
Reaction Time Testing
All subjects performed simple visual RT testing using a PVT instrument (Ambulatory Monitoring, Inc., Ardsley, NY). This handheld, portable, microprocessor-controlled instrument has been previously validated to be highly sensitive to the sustained attentional process that is fundamental to normal, alert neurobehavioral functioning. [15] [16] [17] The PVT device allowed the collection, storage, and subsequent evaluation of all 11 RT metrics. A test trial consisted of responding to a bright red light (light-emitting diode-digital counter) by pressing a response button as soon as the light stimulus is seen. The response stops the light-emitting diode (1 s) and displays the reaction time in milliseconds. Data were maintained by solid-state storage and later downloaded to an IBM PC. A minimum of two PVT demonstration trials were given for practice, and to help minimize any learning effect. These outcome measures of analysis were all summary RT statistics that reflected the time it took for subjects to respond to 80 to 90 stimuli during each 10-minute testing period. Following the suggestion of Dinges, 18 reciprocal transforms were used because the reciprocals were more normally distributed than the variables themselves. Each subject completed baseline PVT twice before intervention: once before and once after driving. A mean of these PVT scores was calculated. Each subject also completed PVT twice after intervention (sleep deprived or alcohol challenged) in the same sequence, and the mean score was again calculated. Each PVT sequence (before and after driving) was separated by the time it took to complete the respective test drive. The mean scores before and after intervention were then compared.
Data Analysis and Statistical Methods
Between-group comparisons of continuous variables were performed using unpaired Student t tests;
2 tests were used to compare dichotomous variables. However, when the conditions for an unpaired Student t test were not satisfied, Wilcoxon's test was employed as a nonparametric alternative. For each subject with sequential data from 7 days of completing VAS testing, a regression slope was computed using simple linear regression. The null hypothesis that the resulting slopes were equal to zero was then tested using paired Student t tests. A P value of less than .05 was considered significant. An SAS statistical program (version 6.12, Cary, NC) was used to analyze these data.
RESULTS
Demographics
A total of 28 candidates were interviewed (Table I) . The 12 individuals who were not selected were similar in all respects to the final study group. They were not selected because of an inability to avoid engaging in safetysensitive activities during the sleep-deprivation phase or an inability to commit to both testing sessions. Sixteen subjects started the study, and all completed the study. The group consisted of three Hispanic, one black, and 12 white volunteers. The mean number of years of education beyond high school (mean Ϯ SD) was 3.4 Ϯ 1.7 years (range, 0 -6 y). Table II shows the between-group characteristics before and after intervention when the treatment group is either sleep deprived or alcohol challenged. These two groups were not significantly different, and with few exceptions the magnitude of change was nearly identical.
Reaction Time Results
Sleep Periods
Because of its relevance to the sleep-deprived subjects in this study, we carefully studied measures of sleepiness and sleep in the eight sleep-deprived subjects. Sleeptime data were measured by each subject using nightly sleep logs during two periods, the "prestudy" period, which included the 5 nights before the study began, and the "study" period, which included 7 nights after commencement of the study.
In the ASD subgroup, the prestudy period was concluded immediately before the night of sleep deprivation and therefore consisted of normal nights of sleep. In the CSD group (deprived of 2 hours of sleep per night), the self-reported number of hours of sleep during the prestudy period (mean Ϯ SD) was 8.1 Ϯ 2.0 hours in all eight subjects. In the ASD subgroup, mean sleep time was reported as 9.0 Ϯ 2.5 hours during the prestudy period and 8.3 Ϯ 0.2 hours during the study period, a small decrease of 0.7 hours per night, which could be explained entirely by one subject (truck driver) whose self-reported sleep time was 12.5 hours during the prestudy period. In the CSD subgroup, mean sleep time decreased from 7.2 Ϯ 0.7 hours during the prestudy period to 4.9 Ϯ 0.3 hours during the study period, a decrease of 2.3 hours per night, which reflected the sleep deprivation that was the essence of the study design in these subjects. Comparison of the four CSD sleep-deprived subjects' total sleep time estimated by actigraphy and sleep logs revealed no significant differences by nonparametric sign tests.
Epworth Sleepiness Scale
In the entire group of eight CSD and ASD subjects, mean Ϯ SD ESS score increased from 9.9 Ϯ 4.4 when measured in the morning before sleep deprivation to 14.4 Ϯ 5.4 when measured in the morning (7 d later) after either chronic or acute sleep deprivation. The increase (indicative of a worse performance) in the mean ESS score of 4.5 Ϯ 3.8 was statistically significantly (P ϭ .012). Although the deterioration in the ESS score was some- Pre-and post-intervention characteristics by treatment group, in which treatment group is either sleep-deprived or alcohol-challenged pre-and postintervention. Pre-intervention is under normal conditions and post-intervention is either alcohol-challenged or sleep-deprived. For the sleep-deprived group, pre-intervention data are quantified as the mean of the (pre-driving) and (post-driving) PVT tests, whereas post-intervention data are computed also as the mean of the (pre-driving) and (post-driving) PVT tests. In the alcohol-challenged group, means of the PVT tests are computed identically as in the sleep-deprived group for pre-intervention and post-intervention data in which the mean BAC was 0.089 g/dL during the post-intervention. P values are based on analyses of covariance which compare post-intervention values in the two groups after adjusting for pre-intervention values.
* Reaction time (RT) is in milliseconds (ms) unless otherwise noted. 1 Standard deviation of the mean reaction time. The SD is computed for each subject, and tabulations reflect the average SD for all subjects. 2 Mean of the reciprocal of RT computed by first translating each RT into seconds by dividing the number of milliseconds by 1000 (RT/1000 ms) for each 10-minute PVT trial. The mean of the reciprocal of all reaction times (measured in seconds) is computed to generate a single mean value for the given PVT. The tabulated mean of the reciprocal of RT/1000 is then computed as the mean of these values for all subjects. 3 Maximum RT (fastest 10%): The fastest 10% in ms of the 80 -90 responses over 10 minutes. 4 Minimum RT (slowest 10%): The slowest 10% in ms of the 80 -90 responses over 10 minutes. 5 Reciprocal of the RT of the slowest 10% in ms. Computed precisely as was described above (#2), except that only the slowest 10% RT for a given PVT are included in the computation.
It is important to keep in mind that when reciprocals are used, slower reaction times (RT) are associated with lower values. 6 Square Root Transforms of lapses [SQRT(Lapses)ϩSQRT(Lapsesϩ1)] Lapse defined as an RT Ն 500 ms. 7 False starts are no stimulus hit correct key or no stimulus hit incorrect key. 8 Dwell time is the cumulative time in seconds that is Ն 500 ms during a 10-minute PVT trial. It is calculated for each minute (minute stats). A mean of the total 10 minute stats for each subject is tabulated and the dwell time is computed as the mean of these values for all subjects.
SD ϭ standard deviation; PVT ϭ psychomotor vigilance testing; BAC ϭ blood alcohol concentration.
what greater in the ASD subgroup (5.5 Ϯ 4.4) than in the CSD subgroup (3.5 Ϯ 3.5), this did not approach statistical significance (P ϭ .502). The mean ESS score at baseline in the eight subjects in the alcohol-challenged group was 8.3 Ϯ 4.1; the final mean ESS score in this group was 8.1 Ϯ 3.4.
Visual Analogue Scale Scores
The four CSD subjects were asked to complete VAS testing, which measured on a daily basis the quality of their sleep during the previous night and how sleepy they were feeling during the day. These scales were completed during the 7 days of sleep deprivation. Table III indicates that with minor exceptions there was a steady increase in the VAS score over time. The night-time score increased from 2.05 Ϯ 2.2 (mean Ϯ SD) on day 1 to 4.40 Ϯ 3.8 on day 7. The daytime score began at a much higher 5.85 Ϯ 2.8; nonetheless, there was a steady increase in daytime tiredness, which reached a score of 7.07 Ϯ 1.3 by day 7. The tabulated slopes indicated that the mean rate of increase in the night-time score was 0.37 Ϯ 0.36 VAS units per day, whereas the daytime increase was 0.18 Ϯ 0.32 units per day. Although sleep quality and sleepiness deteriorated steadily as measured by the VAS testing, neither of the changes was statistically significant (P ϭ .131 for the night-time score and P ϭ .324 for the daytime score).
In interpreting all of the data just given, it is important to note that the small sample size in the study means the statistical power to detect associations was severely limited. Thus, large true differences might be reported as "not significant." In the case of the regression slopes just discussed, the steady increases over time suggest that chronic sleep deprivation may well be associated with a deterioration in self-reported tiredness and/or sleep quality as measured by the VAS testing. However, the sample size is too small to yield statistical support for that conclusion.
Driving Performance
The tally of performance was measured by the number of cones hit, episodes off track (error ϭ outside of cone field), and reactions to a stoplight and a yellow flashing arrow. In addition, hazards consisting of a medium-sized beach ball thrown across the road in front of the car, a simulated toy dog pulled across the car's pathway, and a pop-up car were included only in the final driving test. Contact with these hazards was also calculated as an error. The driving performance of each group separately, as well as between-group analysis, is shown before and after intervention in Table II . The change scores between groups were compared (P ϭ .724). A further breakdown of the individual group scores follows and can be seen in Table IV .
Sleep-Deprived Group
During the first trial (baseline) the total number of cones hit was zero. The number of cones hit up to and including the flashing yellow arrow was six. In the final trial (sleep deprived), the total number of cones hit was 20. The number of cones hit up to and including the flashing yellow arrow was 21. The number of cones hit up to the flashing yellow arrow and including hazards (ball to car) was 27. Comparing within-group changes, from the first trial to the final trial in "number of cones hit only" there was a 20-fold increase; from number of cones hit up to the flashing yellow arrow, a 3.5-fold increase; and from the number of cones hit up to the car hazard (final hazard), a 4.5-fold increase.
Alcohol Group
On the first trial (baseline) the total number of cones hit was 3. The number of cones hit up to and including the flashing yellow arrow was 11. On the final trial (alcohol challenged), in which mean BAC at the time of driving was 0.089 g/dL (basically, too intoxicated to drive legally in many states in the United States), total number of cones hit was 24. Number of cones hit up to and including the flashing yellow arrow was 32. Number of cones hit up to the flashing yellow arrow including hazards (ball to car) was 38. Comparing within-group changes, from the first trial to the final trial in "number of cones hit only" there was an 8-fold increase; in number of cones hit up to the flashing yellow arrow, a 2.9 fold increase; and in number of cones hit up to the car hazard (final hazard), a 3.4 fold increase.
Mood and Behavior
There were differences in subject behavior (mood and appearance), both observed and filmed, among all three groups (ASD, CSD, and alcohol-challenged). Overall, the sleep-deprived group struggled to focus or stay awake and in effect exhibited "fitful" behavior. Subjects in the ASD subgroup found it far harder to stay awake and was considerably more irritable and disheveled than subjects in the CSD subgroup. In contrast, the alcohol-challenged drivers appeared "frivolous or carefree" and uninhibited during their driving task. Subjects in all three groups generally did not anticipate the effect intervention would Scores range from 0 to 10 with higher numbers reflecting increased tiredness or worse sleep. Data are tabulated for the four subjects in the chronic sleep deprivation (CSD) subgroup who were deprived of 2 hours of sleep for 7 consecutive nights. Tabulations are for each of those 7 nights and for the succeeding days.
have on their driving ability, nor did they accurately assess their driving performance after intervention.
DISCUSSION
This study was prospectively planned to be presented as a Dateline NBC News production and as a Stanford University Sleep Research investigation in cooperation with General Motors. It was designed as a feasibility study for us and was, by the Dateline NBC News protocol, limited in the number of subjects. We recognize and acknowledge that the study was limited in numbers and thus in statistical power. We further note that previous studies of driving performance and sleepiness were for the most part performed in the laboratory with driving simulators. 19 -21 These studies also had relatively small sample sizes, yet reported important results. Hence, this study was undertaken as a preliminary first-step investigation because, to our knowledge, this type of cooperative study had not been previously performed. The stratification of the sleep-deprived group into ASD and CSD subgroups, along with a precise limit of sleep deprivation, was performed to present data on sleep deprivation as is common in our society.
Chronic sleep deprivation is rarely investigated; hence, this limited our ability to predict possible outcomes before the study was conducted. We suspected that the CSD subgroup would perform slightly worse than the ASD subgroup. However, objective outcomes measures between the ASD and CSD subgroups were the same except for mood and behavior. Because of their equivalent objective test outcomes, both subgroups (ASD and CSD) were combined and their cumulative data were used for comparison with the alcohol-challenged group. Results in previous studies of laboratory trials in sleepy subjects were consistent with the altered performance we report in the present study. 22, 23 The CSD subgroup had a different behavioral course than the ASD subgroup, although the final performance outcomes were the same. Examination of the CSD group's behavior, witnessed by the investigators and documented by NBC taped interviews and written transcripts, showed that at day 2 to 3, all CSD subjects were severely compromised by their then-cumulative 4 to 6 hours of total sleep loss (2 h nightly). However, by day 7, each subject symptomatically appeared to have improved and thought he or she would do well in the final trial. We suggest that this occurred either by compensatory effort or adaptation, or both. In clinical practice we have seen this adjustment process in patients with sleep-disordered breathing. Interestingly, subjects in all groups (CSD and ASD subgroups and alcohol-challenged group) demonstrated that they were, in fact, basically unaware of the magnitude of their decrements of alertness. This is consistent with the findings reported by Dinges 24 for sleepy drivers. He suggested that drivers know they may be sleepy but cannot reliably predict when they are impaired.
A statistical comparison of the driving performance between these two groups (sleep-deprived subjects vs. alcohol-challenged subjects) had limitations because of the distances that each group completed, even though both groups drove the same coned course, with minor exceptions, on the coned-off test pad. Attempts were made to adjust or normalize the distances by deleting the 1.2-mile back section, which was not coned (driven only by the sleep-deprived group), along with equalizing the distance by a percentage factor. Because of the small number of subjects in each group, statistical power was limited and none of these adjusted measures could be relied on with confidence. However, driving performance decrements were demonstrated in each group from baseline through the final driving trial; change scores are listed in Table II. For example, using only the cone point count there are 20-fold (sleep-deprived group) and 32-fold (alcoholchallenged group) increases in hits (Table IV) . This suggests that there was a marked deterioration in vigilance within each group. Because there certainly was some advantage on driving the second trial as a result of a "practice effect" during the first trial, the scores for the second trial could have been slightly worse than recorded. The methodology for this type of feasibility study was established in a situation in which there were no previous * Subject 7 in the acute group started the final driving session, but as a result of severe sleepiness and an inability to safely maintain wakefulness and vigilance, voluntarily pulled over late in the session and did not complete the driving course.
† Hazards only presented on trial 2. ASD ϭ acute sleep-deprived; CSD ϭ chronic sleep-deprived; AC ϭ alcohol-challenged.
sleepiness studies available that addressed design and safety for closed-course driving performance. We found that the between-group RT metrics were, in all respects, statistically the same (baseline through final values after intervention). A closer examination of the dwell-time RT metric, which represents periods of "microsleeps," emphasizes the risk of driving while sleepy. Table  II reports these dwell-time values (cumulative seconds equal to or greater than 500 ms) for all groups. Values for all groups were prolonged over baseline. These 500-ms microsleeps are usually associated with eyelid closure and herald the onset of inattention, sleepiness, or fatigue. The change scores from baseline to the period after intervention are revealing. The alcohol-challenged group had a cumulative mean score of 2.9 Ϯ 5.8 seconds, and the sleep-deprived group had a cumulative mean score of 2.7 Ϯ 3.4 seconds (P ϭ .581 between groups). This was equal to a mean total lapse over a 10-minute test period of 2.8 seconds (2800 ms) or a mean number of repetitive lapses (equal to or greater than 500 ms) of 5.6. At 60 mph (88 feet/s), the subjects would have traveled a total of 246.4 feet while being essentially unaware of their surroundings and unable to respond.
CONCLUSION
To more clearly demonstrate the potential risks resulting from sleepiness, we investigated time-on-task RT and closed-course driving performances in a healthy cohort challenged with either sleep loss or alcohol consumption and then contrasted these outcomes as a comparative model. All 11 RT outcome metrics clearly showed that the sleepy drivers were the same as the alcohol-challenged drivers on this time-on-task performance. The driving performance for both groups (sleep deprived vs. alcohol challenged) were similar, but their behavior and mood were different ("fitful" vs. "frivolous"). Yet, both groups thought they did well on performance. The objective data show
